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(54) HEIGHT ADJUSTMENT OF ROTATABLE AGRICULTURAL IMPLEMENT

(57) An agricultural implement (1) comprising at least
two rotors (4) which are adjustable in height relative to
ground. The at least two rotors are driven by a respective
electric motor controlled by a control system, wherein

said control system measures and compares the current
consumed by the motors and use the result for adjusting
the height of the rotors.
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Description

[0001] This invention relates to a rotatable agricultural
implement which is towed by a tractor. More specifically,
the invention relates to a towed rotatable agricultural im-
plement provided with ground engaging wheels.
[0002] Agricultural rakes generally comprise a frame,
ground engaging wheels for supporting the frame on the
ground and at least one rotor which is driven about a
rotor axis. In case of a rotary rake, the rotor axle may be
vertical but there are other types of rakes provided with
belt mergers or side-delivery rakes in which the rotor axis
extends horizontally. In use, the frame is attached to the
rear of an agricultural tractor by means of a drawbar and
towing hitch for example. The frame comprises a main
body which extends longitudinally and in the direction of
travel of the tractor. The frame is provided with at least
one rotor arm which in a working position extends from
the main body transverse to the direction of travel. The
rotor is located at the end of the rotor arm. When the rake
is not in a working position, the rotor arm may be moved
into a transport position in which the rotor is raised and
brought closer to the body.
[0003] Each rotor comprises a hub and a plurality of
tine arms extending tangentially from the hub for raking
or windrowing cut forage material or grass lying on the
ground. Each rotor is equipped with a rotational drive to
rotate the rakes. The drive may comprise a hydraulic mo-
tor located in each rotor. Alternatively, each rotor may be
connected to a cardan shaft driveline which is driven by
the PTO (power take off) of the tractor.
[0004] Each rotor is provided with at least one ground
engaging wheel which when in use supports the rotor at
a defined height above the ground. It is important that
the tines do not come into contact with the ground oth-
erwise there is a risk that the grass or forage material will
become decontaminated.
[0005] It is known to provide each rotor with a height
adjustment means which may be hydraulically or electri-
cally activated to adjust the distance between the rotor
and the ground.
[0006] Such adjustment means is manually adjustable
by the driver observing when the tines come into contact
with the ground. This is awkward to observe since the
rake is towed behind the driver and as a result cannot be
done accurately.
[0007] It is an aim of the invention to provide a means
for controlling the height of the rotor of a towed agricul-
tural implement when in use which is accurate and does
not inconvenience the driver.
[0008] According to the invention there is provided an
agricultural implement comprising at least two rotors
which are adjustable in height relative to ground, said at
least two rotors driven by a respective electric motor con-
trolled by a control system, characterised in that the con-
trol system measures and compares the motor current
values of each motor for rotating a respective rotor under
the same operating conditions and where there is a dis-

crepancy between the current values, the height of one
or both rotors is adjusted until the motor current values
are the same.
[0009] If the current values are not the same, it is in-
dicative that the rotors are not arranged at the same
height above the ground and the driver is warned accord-
ingly. If the rotor or part of a rotor comes into contact with
the ground, the resistance to rotation of the rotor increas-
es and an increase in the rotor’s motor current is detect-
ed. As a result, the height of the rotor above the ground
is increased so that the rotor or part of the rotor is no
longer in contact with the ground.
[0010] Preferably, the motor current values for two or
more rotors rotating under the same operating conditions
are compared and where there is a discrepancy a driver
waning is given.
[0011] Preferably, the agricultural implement is a rake.
[0012] More preferably, if the current consumed by at
least one motor exceeds a known current value for a
given operating condition, the height of the rotor above
the ground is increased. The known current values may
be stored in the control system.
[0013] The invention will now be described, by way of
example only, with reference to the following drawings
in which :

Figure 1 is a perspective view of an agricultural rake
in accordance with the invention, and

Figures 2a and 2b are side views of an agricultural
rake attached to a tractor and detached respectively
in accordance with the invention.

[0014] Figure 1 is a perspective view of a rake 1 at-
tachable to a tractor (not shown) for towing. In figure 1,
the rake is in a working position ready to rake grass or
forage material. Typically the rake 1 is attached to a three
point hitch at the rear of a tractor. The rake 1 comprises
a main body 2 which extends longitudinally along the
direction of travel of the tractor. An end of the main body
2 is attachable to a tractor. In use, two pairs of rotor arms
3 extend transverse to the longitudinal axis of the main
body 2. At the end of each rotor arm 3, a rotor 4 is pro-
vided. Each rotor 4 comprises a hub 5 and a plurality of
tine arms 6 extending tangentially from the hub for raking
cut grass lying on the ground. Main body 2 is supported
by body wheels 7 which engage with the ground when
the rakes are not working. Each rotor 4 is also provided
with ground engaging wheels 8 which engage the ground
when the rakes are working
[0015] For transport on the road, rotor arms 3 may be
pivoted by hydraulic cylinders 9 about an axis which is
parallel to the longitudinal axis of the main body 2 so that
the rotor arms 3 are in a substantially vertical position in
a transport position. Further complex movements of the
rotor arm 3 may be necessary to achieve a minimum
overall width.
[0016] To work the rakes, rotor arms 3 are lowered
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from the transport position to the working position so that
the ground engaging wheels 8 come into contact with the
ground. Thereby the body wheels 7 are lifted off the
ground with enough distance to avoid the body wheels
7 coming into contact with forage material or grass lying
on the ground.
[0017] Ground engaging wheels 8 are attached to a
rod (not shown) of a respective rotor 4. The rod slides
along the rotational axis of rotor 4 in a substantially ver-
tical movement during rake operation to enable the height
of the rotors 4 to be adjusted. The rod may be moved by
hydraulic pressure, or by an electric spindle drive having
a sensor as is known in the art. Alternatively, ground en-
gaging wheels 8 may be connected to a rotor 4 by a
linkage mechanism which is pivoted by a respective hy-
draulic cylinder, or an electric spindle drive for height ad-
justment of the rotors 4.
[0018] In Figure 1, each hub is provided with an electric
motor, so that the rotation of each rotor can be controlled
individually of the others and enables each rotor to be
driven at a range of rotational speeds. By monitoring the
torque of each rotor, contact of the tines with the ground
can be detected, since the torque will increase when the
tines come into contact with the ground and the resist-
ance to rotation increases. The torque can be determined
by measuring the current supplied to each electric motor
of each rotor 4 via a DC/AC inverter and the current can
be controlled by a control system on the tractor or on the
rake. By knowing the characteristics of the working of the
rotor motor (described later), which includes the current
consumption, a control system on a tractor can detect
when there is an increase in current indicating that the
tines have come into contact with the ground. When this
happens the rotor arm 3 can be raised so that the tines
are no longer in contact with the ground. Figures 2a and
2b show the height of the rotors Hr above the ground G.
As shown in figure 1, Hr1 and Hr3 indicate the height of
the front rotors above the ground, Hr 2 and Hr4 indicate
the height of the rear rotors above the ground. Linkage
height Hk indicates the height at which the rake 1 is at-
tached to the tractor by a linkage such as a three point
hitch 10. Height Hk may be detected by position sensors
on the lower links 10a of the three point linkage 10, or by
any other sensor referring to a coupling point 11 of the
rake 1. In figure 2a, the rake 1 is attached correctly to a
three point hitch such that the heights of the front rotors
Hr1, Hr3 are the same as the heights of the rear rotors
Hr2, Hr4. In figure 2b rake 1 is attached incorrectly to the
three point hitch 10 so that the height Hr1, Hr3 of the front
rotors are higher than the height Hr2, Hr4 of the rear
rotors.
[0019] For each electric motor, a characteristic map is
stored on the control system which defines a range of
current I which is indicative of an optimum rotation of the
rotor 4 when it rotates freely within the crop without the
rotor or part thereof coming into contact with the ground.
Such a characteristic map may store information relating
to the frequency, or speed of rotation of the rotor and the

height of the rotor Hr above the ground. It is important
that the rotor or part thereof (such as a tine on the rotor)
does not come into contact with the ground and only con-
tacts the crop, grass or forage material which it is working.
If the rotor or part thereof comes into contact with the
ground, there is a risk that the crop, grass or forage which
is being worked will be contaminated with the soil, debris
and stones of the ground. The height of a rotor Hr can
be detected using sensors located on the rotor arm 3 or
the rotor 4. In addition, crop information relating to the
type of crop, for example, whether it is grass or forage
material, can be stored in the control system as well as
its condition, for example, whether it is wet or dry. These
parameters may affect the current required by a motor
for a rotor to rotate at a given speed or frequency. Such
crop information can be inputted into the system by the
driver, or sensed by sensors on the rake 1.
[0020] If the measured range of current I for a rotor
motor operating at a known speed for a crop of a known
profile does not coincide with that of a value or values
taken from characteristic map stored on the control sys-
tem, the control system may react by creating a warning
signal and recommending the driver to adjust the settings
of the linkage 10 and/or adjust the height of the rotor Hr
until the stored value or range of current I is attained.
[0021] By comparing the motor current of each rotor
whilst rotating two or more rotors at the same speed or
frequency, any differences of height Hr between each
rotor can be highlighted. The height Hr of any two rotors
can thus be compared and if there is a discrepancy be-
tween the current I required, the height Hr setting of one
or both rotors 4 may be adjusted so that the height of
each rotor on the rake 1 is balanced or at a desired po-
sition. It is very common that the speed of the front rakes
is higher than the speed of the rear rakes.
[0022] If height Hr of each rotor is the same and during
use of the rake, the speed of the each rotor is the same,
any difference in the current I detected by the control
system indicates that a malfunction, or damage may have
occurred. In such a case, a warning signal is given to the
driver.
[0023] When coupling rake 1 to a tractor for use, the
height of the front rotors Hr1, Hr3 and the rear rotors Hr2,
Hr4 can be compared by comparing the electric current
I values of each rotor motor. A discrepancy between the
current I values of each rotor would indicate that the rake
1 is coupled too high to the tractor having the conse-
quence that the front rotors are raised with respect to the
rear rotors as shown in fig 2b. Lowering of the lower links
10a until the current I values of each of the rotors are the
same would then indicate that the height of the front rotors
Hr1, Hr3 are the same as the height of the rear rotors
Hr2, Hr4 and the rake 1 is correctly coupled.
[0024] In the embodiment shown in figure 1, each rotor
4 is assigned a height Hr1, Hr2, Hr3 and Hr4 and each
rotor has a motor having a current I1, I2, I3 and I4 which
can be measured. The control system can detect an in-
correct rotor height Hr by using two different methods:
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In a first method, the motor current I of one rotor is
compared with a predetermined stored motor current
I or range of motor rotor current I indicative of a cor-
rect height setting to detect whether a rotor is in a
correct position or not.

In a second method, the motor current I of two or
more rotors 4 are compared to detect whether there
is a difference in rotor height between the two or
more rotors.

[0025] The balancing of rotor heights Hr can be con-
ducted for rotors arranged along the same longitudinal
direction of the frame, for example motor current values
I1 and I2 of the front and rear rotors on the left of the rake
as viewed in the forward direction of travel can be com-
pared and motor current values I3 and I4 on the right side
of the rake can be compared. The balancing of rotor
heights Hr can also be conducted for rotors arranged
along the same direction transverse to the longitudinal
axis of the frame, for example, motor current values of
I1 and I3 of the front rotors can be compared and motor
current values I2 and I4 of the rear rotors can be com-
pared.
[0026] In the embodiment shown, a rotary rake with a
vertical rotor axis is described, however the invention is
also applicable to other types of rakes, such as belt merg-
ers or side-delivery rakes in which the rotor axis extend
horizontally without leaving the scope of the invention.
[0027] In addition, the invention may also be applied
to other types of agricultural implements, such as, loader
pick-ups or tedders.

Claims

1. An agricultural implement 1 comprising at least two
rotors 4 which are adjustable in height relative to
ground, said at least two rotors 4 driven by a respec-
tive electric motor controlled by a control system,
characterised in that the control system measures
and compares the motor current values of each mo-
tor for rotating a respective rotor 4 under the same
operating conditions and where there is a discrep-
ancy between the current values, the height Hr of
one or both rotors 4 is adjusted until the motor current
values are the same.

2. An agricultural implement as claimed in claim 1
wherein the motor current values for two or more
rotors rotating under the same operating conditions
are compared and where there is a discrepancy be-
tween the current values a driver warning is given.

3. An agricultural implement as claimed in claim 1 or
claim 2 wherein the measured motor current value
of one motor is compared with the motor current val-
ue of another motor.

4. An agricultural implement as claimed in claim 1 or
claim 2 wherein if the measured current values ex-
ceed known current values for a given operating con-
dition, the height of the respective rotor Hr above the
ground is increased.

5. An agricultural implement as claimed in any preced-
ing claim wherein the implement is a rake.
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